Abstract. The objective of this research is the creation of a testing bench prototype for comparing different types of heart valves, taking into account the variability of some important parameters involved in cardiovascular events. Thanks to performed tests and to obtained data, the comparison between the different valves allows physicians to make the most appropriate choice of heart valve for each patient. The study is still in preliminary stage: it is necessary to do many tests in order to obtain a large amount of data with which it is possible to proceed with the development and implementation of a testing bench stable and easily programmable.
Introduction
The objective of this research is the creation of a testing bench prototype for comparing different types of heart valves, taking into account the variability of some important parameters involved in cardiovascular events [1] . The high simplicity of the device allows a direct pressure and flow acquisition and processing , thanks to an appropriate software. A linear motor is used to simulate the heartbeat and, thanks to changes in the parameters of a PID controller [2] , is calibrated to reproduce the law of motion [3] [4] [5] [6] [7] taken from the literature [1] : this law was made more suitable for our use eliminating discontinuities and traits not connected. For acquiring pressures and flows is adopted a measurement system that complies with UNI EN ISO 5840:2006 "Cardiovascular implants -Cardiac valve prostheses" [8] .
The blood model
The blood is a connective tissue composed of both liquid part and particles that are in suspension. The first, called emulsion part, is represented by the plasma, and the second, called suspension part, includes red and white blood cells. The plasma is commonly treated as a homogeneous and incompressible fluid with newtonian behavior. It has a dynamic viscosity of 0.0012 -0.0016 kg / ms at 37 ° C and a specific weight equal to 1025-1028 times compared to water [9] . On the other hand the blood, with all its elements, cannot be considered as absolutely newtonian: from literature [10] [11] [12] it is known that its behavior depends on both the section of the duct in which it flows and heartbeat frequency. For the development of testing bench and for the design of various components is used the mathematical model of Walburn -Schneck (1), whose constitutive law of viscosity of the blood is shown below.
(
Where:
-μ is the blood's viscosity; -TPMA represents the content of proteins, except albumin; -Ht is the percentage of hematocrit; -c1, c2, c3 and c4 are characteristic constants (tabulated); -ϒ typical value depending on pressure, flow and geometric dimensions of the duct.
The normal Ht values for a man must be included in the range 42% -53%, while for a woman between 37% and 52%: we chose a Ht value 0.399. The parameter TPMA was set equal to 0.0032, selecting 8% of blood's protein of the plasma constituents and considering that albumin represents 60% of total proteins [13] . The great advantage of this law is that allows to compare physiologic parameters [14] , such as the hematocrit or TPMA [1] , with mechanical parameters as the viscosity μ of the blood, the pressure and flow. The test bench is calibrated on the basis of parameters that are easily recognizable by doctors: we can also implement a programming mode using the instruments for the measurement of blood parameters.
Testbench
The primary target of testing bench is to acquire the variables that describe the dynamic behavior of the fluid during the heartbeat [8] .
In order to optimize the functionality of the device, in the design phase, was considered the real flow dynamics blood pumped by the heart [1] ; with this approach, the attention is focused only on the most interesting aspects.
The tests were performed on a mechanical aortic valve, which is usually located in the left part of the heart and more precisely in the left ventricle. The left ventricle, isolated from the rest of the organ, can be modeled as a simple effect pump with inlet and outlet of the fluid controlled by two one-way valves [15] [16] [17] [18] [19] [20] [21] [22] .
As shown in Fig. 1 and Fig. 2 , the heartbeat is reproduced using a linear motor [23] [24] [25] [26] [27] [28] connected to a hydraulic cylinder with double effect: in this way, with a suitable law of motion is possible to flow the fluid within the circuit, and to adjust the heart's frequency. The parameters considered for linear motor choice are: -the force required to move the blood's mass; -the speed of fluid; -the necessary acceleration for movement. Fig. 4 shows a typical time-fluid volume curve for the left ventricle of a human heart [1]: it's easy to observe that there are discontinuities in transition from suction phase to sending phase and therefore it cannot be set directly to linear motor [29] [30] [31] [32] . It was necessary to interpolate it through fourth order polynomials. Under the literature advice [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] , the linear motor should run easily with a law of motion as smooth as possible in order to avoid vibrations and other undesired effects associated with the presence of compliances and inertias [24, [44] [45] [46] . For measuring the pressure and flow were used respectively the sensor SEN-3284 B045 by KOBOLD ® and the flowmeter FLOMAG 3000 (model A3); signals were acquired with NI USB-6009 by National Instrument and signal processing was performed with a dedicated program developed with Labview [47] .
Experimental results and conclusions
Kinematical [48] [49] [50] [51] [52] [53] [54] [55] and dynamical [56] [57] [58] aspects of the system are related to the linear motor's calibration [59, 60] that is performed by changing PID parameters and by overlapping the obtained law of motion on the desired one, for a heart rate of 60 beats per minute. When the deviation between two laws is acceptable, durability tests are performed by varying heart's frequency or by setting a random frequency and then by analyzing the heart valve's behaviour.
Since the obtained law of motion was composed of five parts connected by means of a polynomial curve, the algorithm for automatic calibration was not easily obtainable. For these reasons it was decided to proceed experimentally by adjusting first of all the proportional and integrative components and then the derivative part.
A not correct viscosity of the fluid, or an inadequate law of motion can cause undesired effects that generate instability within the device, until the engine failure [61] . In executed tests a motor's stroke deviation of 1mm was considered acceptable: in fact, a greater error could create vibrations, abnormal openings of the valve and errors in measuring instruments. The objective of this research is to carry out a testing bench for various commercial heart valves , by simulating the heartbeat through a linear motor and by adjusting the law of motion with respect to the fluid properties. Thanks to performed tests and to obtained data, the comparison between the different valves allows the doctors to make the most appropriate choice of heart valve for each patient. The study is still in preliminary stage: it is necessary to do many tests in order to obtain a large amount of data with which it is possible to proceed with the development and implementation of a testing bench stable and easily programmable.
